Palm wine is obtained by fermentation of palm tree sap. In the Pacific coast of Mexico, 21 palm wine is called Tuba and it is consumed as a traditional fermented beverage. Tuba has 22 empirical applications such as an auxiliary in gastrointestinal diseases and a good source of 23 nutrients. In the present study, a next-generation sequencing of the V3-V4 regions of the 24 16S rRNA gene was employed to analyze bacterial diversity and population dynamics 25 during the fermentation process of Tuba, both in laboratory controlled conditions and in 26 commercial samples from local vendors. Taxonomic identification showed that 27 Fructobacillus was the main genus in all the samples, following by Leuconostoc, 28 Gluconacetobacter, Sphingomonas, and Vibrio. Alpha diversity analysis demonstrated 29 variability between all the samples. Beta diversity clustered the bacterial population 30 according to the collection origin of the sample. Metabolic functional profile inference 31 showed that the members of the bacterial communities may present the vitamin, antibiotic 32 and antioxidant biosynthesis genes. Additionally, we further investigated the correlation 33 between the predominant genera and some composition parameters of this beverage. This 34 study provides the basis of the bacterial community composition and functionality of the 35 fermented beverage.
Introduction
The DNA extraction from all the samples was performed using the ZR Soil Microbe DNA The sequences were analyzed using QIIME (Quantitative Insights Into Microbial Ecology) 125 version -1.9.1software (Caporaso et al., 2010) in Python 2.7. The total sequences were 126 7 clustered using UCLUST into OTUs tables (operational taxonomic units) using the 127 Greengene database (GG 13_8_otus) as a reference with a range of 97% of similarity and 128 using the closed system with the command pick_closed_reference_otus.py. Taxonomy 129 summaries including relative abundance data were generated using summarize_taxa.py, 130 plot_taxa_summary.py and plot_taxa_through_plots.py commands. In all the cases, we 131 used the data filtering option of 0.01% in abundances because it is reported that filtering 132 database decreases the estimation error (Kuczynski et al., 2012; Navas-Molina et al., 2015) . 133 Alpha diversity was evaluated using the function of alpha_rarefaction.py from QIIME, that 134 calculate alpha diversity on each sample in an OTUs 
Results

155
Sample composition 156 To determine the microenvironmental conditions that affect the microbial communities and 157 metabolic characteristics of the fermentation process of Tuba, we measured the sugars 158 (sucrose, glucose, and fructose), water-soluble proteins, ethanol and acetate concentrations, 159 as well as the pH value, at different fermentation times ( Supplementary Table 1S ). The (Table 1) . 201 The Unweighted UniFrac distance using the 0.01% abundance filter, did not show 202 clustering by fermentation time (Figure 4A) . However, a clustering was observed by 203 sample origin (Figure 4B) . In the graphic of origin of the sample we also observe a 204 grouping by quadrant of the all the Tuba samples, however, Tuba P2 showed the greatest 205 dispersion in the data, which indicated a big difference between the fermentation times in (Figure 5A) , suggesting that the 222 production of those compounds may be taking place during Tuba fermentation. Many of 223 those functions are common to fermented foods, however some of them are not obvious 224 and by this analysis we can attribute the function to a specific OTU. As an example 225 Sphingomonas and Gluconacetobacter had more abundance percentage in the enzyme 15-226 cis-phytoene synthase (Supplementary Figure 4S) . After an ANOVA test, we found 227 functions without a significant difference as the carotenoid biosynthesis (Figure 5B) In this study, we were interested in associating abiotic variables such as the initial sap 240 composition to the bacterial diversity, population dynamics, and functions of Tuba. All sap 241 samples had a high initial sugar content, however, they showed significant variations 242 ( Supplementary Table 1S ). Fermentation profile was similar among samples Tuba P1 and 243 Tuba P3 and different in Tuba P2 (Figure 2) . Tuba P1 and P3 started to ferment 244 immediately, at 12 h we found acetate and ethanol production; and sugar hydrolysis to 245 glucose and fructose. Samples from Tuba P2 showed a different behavior in which the 246 sucrose hydrolysis and ethanol production were delayed. We may attribute this behavior to Fructobacillus and Leuconostoc genera, through the functional profiling we found that 254 those genera carry the beta-fructofuranosidase gene responsible for sucrose hydrolysis 255 (Supplementary Figure 3S) . 256 The aim of this study was to find the bacterial composition of Tuba and its dynamics and 257 function during the production of the fermented beverage. We found that main bacterial 258 genus present in all samples were LABs (Fructobacillus, Leuconostoc, and Lactococcus), 259 AABs (Gluconacetobacter and Acetobacter) and Proteobacteria (Vibrio). Regarding the 260 14 diversity indexes calculated here, we showed that all Tuba samples (laboratory produced 261 and commercial) had the same 10 main genera but in different abundance (Figure 3) , 262 having significant differences in Shannon and Simpsons indexes ( Table 1) . Using the 263 Observed OTUs and Chao1 indexes, the only sample with a significant difference is Tuba 264 P2, its significant lower value (p-value <0.001), this means a lower number of bacterial 265 genus and high dominance in the sample. Beta diversity indicated that the origin of the 266 sample as the best parameter for grouping, not the fermentation time (Figure 4) . This the sap samples were collected after they were harvested by the producer and we took all 272 the precautions to conserve the initial bacterial community.
273
Palm wine is a worldwide consumed beverage with different characteristics mainly 274 depending on palm species used and its production process. Our findings found that 275 southern pacific Mexican commercial Tuba has low alcohol content; even as we showed, it such as antibiotic production pathways and peptidases genes have been related to its uses 282 for stomach discomfort, which support the anti-pathogenic and probiotic use this fermented 283 15 beverages as it has been studied elsewhere for other plant sap derived fermented beverages 284 (Escalante et al., 2016) . We also found a prediction of bacterial production of antioxidant 285 compounds such as terpene and carotenoid biosynthesis pathways. Plant products are 286 known to be rich in antioxidants in specific coconut water (Cocos nucifera L. variety 287 Chandrasankara) has been tested for its ability to scavenge free radicals, and they found a 288 good antioxidant activity percentage (Mantena et al., 2003) , the bacterial production of 289 antioxidant compounds (as the enzyme 15-cis-phytoene synthase that is related with the 290 phytoene production) predicted here adds to the already know antioxidant activity. In terms 291 of nutritional properties, we found the folate and amino acid biosynthesis pathways, which 292 together with the known properties of coconut sap/water (Debmandal and Mandal, 2011; 293 Manivannan et al., 2016) makes Tuba functional fermented beverage. Significant 294 differences in the predicted functions can be related to the OTUs abundance; as a 295 perspective we may study the metatranscriptome of our samples to find the gene expression 296 in the microbial community. Therefore, our findings may guide future efforts to create palm 297 fermented beverages with specific functional properties.
298
In this work, we reported for the first time the bacterial diversity and potential functional 299 analysis through the fermentation process of the Tuba. With the knowledge of microbiota 300 diversity and metabolic functional inference, the Tuba production can be controlled by 301 adjusting the presence and abundance of beneficial genera that contributes with the 302 functional characteristics of the Tuba. It also contributed to establishing the microbiological 303 basis of its empirical uses. Additionally, the isolation of bacteria from these samples may Table 1 432 Alpha diversity values. Table 1S . Chemical composition of the Tuba. 
